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INTRODUCTICN 

This  report-j  the  third  in  a  series  of  three^/  on  the  subject  trans- 
portation t^sts  with  Florida  citrus  fruits  conducted  during  the  shipping 
season  of  1950-51.9  gives  an  accounting  of  an  accoinpanied  transportation 
test  made  in  mid-May.,  195lo 

The  background^  objective Sj  and  overall  plan  follovred  in  this  inves- 
tigation do  not  need  repeating,  since  they  were  given  in  detail  in  the 
report  on  the  test  conducted  in  Novem.ber,  the  first  of  this  serieso  The 
May  test,  the  subject  of  this  report,  was  planned  to  take  place  during  the 
warm  x^reather  of  late  spring  when  refrigeration  is  being  used  by  all  ship- 
pers^  the  specific  service  varying  more  with  the  beliefs  of  the  several 
shippers  than  with  actual  needSc    Since  each  of  these  transportation  tests 
differed  from  the  other  in  detail  of  planning  and  execution  in  order  to 
cope  with  seasonal  differences  in  x^reather  and  commodity j,  the  complete  plan 
of  the  test  in  tabular  form 3  table  1,  is  presented  to  afford  mean.s  of  a 
quick  appraisals    The  loading  methods  and  car  types  as  well  as  the  con- 
trasting proi^ective  services  used  are  shown  in  the  table,,    The  test 
consisted  of  12  cars  of  oranges  and  grapefruit  that  may  be  grouped  as 
followsj    1)  three  carlots  precooled  in  rooms  prior  to  loadings  2)  three 
carlots  precooled  after  loadingi  and  3)  six  carlots  non-precooledo 

This  test  was  conducted  during  a  period  of  fair,  warm  xreather  with 
outside  air  temperatures  a  few  degrees  below  normal  on  the  day  of  loading 
reaching  10  degrees  below  normal  as  the  train  moved  through  North  Carolinao 
Normal  temperatures  were  reached  the  third  day  after  loading,  and  they  re- 
mained nearly  normal  thereafter o 

It  was  necessary  to  load  the  several  cars  under  test  at  widely  sep- 
arated shipping  points  J  vizo^  in  Indian  River  and  Sto  Lucie  Comtxes  on 
the  East  Coast  of  Florida^  and  in  Lake  and  Polk  Counties  in  the  central 
district,  with  fruit  grown  under  varying  conditions o    Therefore,  in  order 
to  have  comparable  fruit  for  purposes  of  critical  inspection  at  destination, 
a  crate  of  oranges  of  a  variety  being  shipped  in  quantity  at  that  time  of 
identical  origin  and  packing-hcuse  treatment,  was  plaqed  in  the  same 


^/  The  first  of  these  three  tests  xiras  conducted  during  a  cold  spell  in  late 
November,  1950|  the  second  in  early  April,  195l|  and  were  reported  in 
HT&S  Office  Reports  Noo  277  and  No.  279^  respectively^ 
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location  (top,  at  or  near  the  quarterlength  position)  in  each  car.  The 
test  lot  selected  for  comparative  evaluation  at  destination  was  U.  So  No,  2 
(Natural  Color)  Indian  River  Valencia  oranges,  size  200,  picked,  packed  and 
loaded  at  intervals  of  1  day  between  each  of  these  steps o    Although  the  first 
inspection  was  made  as  soon  as  possible  after  each  car  waa  miioaded,  there 
was  an  interval  of  from  6  to  7  days  between  picking  and  inspection  at  deb- 
tination.    The  second  and  final  inspection  was  made  1.  week  after  the  first « 

The  test  cars  were  loaded  May  17 o    That  night  they  moved  toward  Jack- 
sonville where  they  were  consolidated  into  one  through  train  Xirhich  left 
Jacksonville  May  l8  during  the  late  afternoon  and  arrived  at  Savannah  at 
10s 00  p„mo    The  test  cars  were  at  Florence  by  Us 30  the  second  morning^  at 
Rocky  Mount  by  12sU5  p»m„;  at  Richmond  by  U:U5  p.m. |  and  at  Potomac  Yards 
by  10s  15  p<,m.    The  test  cars  were  separated  at  this  point  and  went  forward 
in  different  trains  unaccompanied  by  the  observers.    Probably  all  of  them 
were  at  or  near  their  destination  within  2h  hours  after  arrival  at  Potomac 
Yards  and  five  were  unloaded  d-aring  the  fourth  night  after  loadingc  The 
remaining  seven  cars  were  unloaded  either  the  following  day  or  during  the' 
fifth  night e 

All  of  the  cars  that  were  re-iced  only  once  received  this  service  at 
Florence  while  those  given  standard  refrigeration  were  re-iced  at  New 
Srr(yrna,  Florence,  and  Potomac  Yards,    Gars  F  and  L,  of  the  latter  group^, 
were  re-iced  after  arrival  at  destination  while  waiting  to  be  mloadedo 
The  vents  were  kept  closed- in  all  cars  from  the  hour  of  initial  icing  until 
they  were  unloaded „ 

RESULTS 

Because  of  the  volume  of  data,  no  attempt  will  be  made  to  discuss  it 
in  great  detail  but  only  to  summarize  the  essential  points.    For  anyone 
desiring  a  more  detailed  study,  the  complete  temperature  and  icing  records 
are  contained  in  the  tables  and  figures  included  in  this  report o    Table  1 
lists  all  of  the  test  cars,  size  and  method  of  loading,  type  of  car,  and 
protective  service  used.    Average  fruit  temperatxires  in  transit  are  con-= 
tained  in  tables  2  and  3 5  with  ice  consumption  data  in  tables  1;  and  5<.  A 
summary  of  rind  breakdown  and  decay  is  presented  in  table  6,    Transit  and 
precooling  temperatures  are  given  in  tables  7  to  21  and  graphically  shown 
with  certain  comparisons  in  figures  1  to  10 „ 

Siimmarized  Comparison  of  Temperatures 

Room- pre cooled  fruit.    Three  methods  of  shipping  room-precooled  fruit  were 
compared.    One  shipment  was  made  in  a  fan  car  (car  A),  another  in  a  non-fan 
car  (car  B),  both  with  full  bunker  icing,  and  a  third  in  a  non-fan  car  with 
half-stage  icing  (car  C),    All  were  pre-iced  cars  loaded  with  standard 
crates,  shipped  under  item  80,  section  2,  re-iced  at  Florence,  S,  with 
vents  closed  to  destination.    The  top,  middle,  and  bottom  layers  of  car  A 
were  close  to  UO®  F.  for  most  of  the  transit  period,  whereas  the  top  layer 


-  3  " 


of  non-fan  car  B  was  held  at  ^O^^,  the  bottom  layer  at  liO®^  and  the  mid- 
dle layer  at  about  US®  (Fig.  1  A  and  B),    The  car  receiving  stage  icing, 
car        (Fig.  2  A)  had  temperatures  almost  identical  with  those  of  full 
bunker-iced  car  B,  both  non-fan  cars.    This  comparison  indicated  that  stage 
icing  service,  costing  about  78  percent  of  full  bunker  icing  provided  as 
good  temperatures  as  the  more  costly  service.    Fan  cars  again  provided 
more  uniform  temperatures  than  non-fan  cars  even  when  the  cars  were  loaded 
with  fruit  pre  cooled  to  temperatijre  s  in  the  range  of  Ul°  to  50°. 

Car-precooled  f  ouit.    A  comparison  was  made  between  fan  cars  loaded  vjith 
warm  fruit,  packed  in  standard  crates,  one  of  which  was  not  precooled^  car  D, 
and  the  other,  car  E,  precooled  for  about  5-1/2  hours  with  the  built-in  fans. 
These  cars  were  pre-iced  and  shipped  under  item  80,  section  2,  re-iced  nt 
Florence,  S,  C,  vents  closed  to  destination.    The  precooling  record  of  car  D 
is  shown  in  Fig,  3>  and  as  indicated,  the  top  layer  was  cooled  to  56®  F. 
from  an  Initial  temperature  of  68*,  and  the  middle  and  bottom  layers  to 
60®  and  58**,  respectively.    The  total  cooling  averaged  about  12  degrees  for 
the  load.    This  car  had  little  better  temperatures  in  transit  than  the  non- 
precooled  comparison  car  E  ■-  both  reaching  an  average  of  about  56®  at 
Florence,  S,  C,  cooling  rapidly  after  the  re-icing  received  there  to  a 
final  temperature  of  about  ii5®  on  arrival  (Fig,  2  B  and  U  A) .    In  other 
words,  short  precooling  of  5  or  6  hours  with  air  of  50®  and  above  was  of 
little  advantage  over  shipment  in  a  fan  car  not  precooled. 

Another  method  of  precooling  was  tried  in  a  double-deck,  non-fan  car 
loaded  with  5-pound  mesh  bags  of  oranges  (car  F) .    It  was  precooled  for 
about  6-1/2  hours  with  a  truck-rao-onted  precooling  unit,  the  top  layer  being 
cooled  from  about  80®  F,  starting  temiparature  to  50®,  the  bottom  layer  to 
about  67°,  and  the  middle  layer  to  aucut  63®  (Fig,  5).    The  average  temper- 
attire  reduction  for  the  load  amounted  to  about  19  degrees.    The  comparison 
car  (car  G)  Xiras  a  fan-car  precooled  with  the  b'oilt-in  fans  for  about  6  hours^ 
the  top  layer  being  cooled  to  52°  from  an  initial  temperature  of  73®^  and  the 
middle  and  bottom  layers  were  cooled  to  only  62°  (Fig.  6),    The  average  tem- 
perature reduction  was  I6  degrees  for  this  car.    The  transit  temperatures  of 
these  two  double-deck  cars,  both  precooled,  one  a  non-fan  car  and  the  other 
a  fan  car,  are  shown  in  Figure  U  B  (car  F,  non-fan)  and  7  A  (car       fan  car). 
These  cars  were  re-iced  once  in  transit,  at  Florence,  S.  C.,  and  the  fan 
car  was  pre-iced  for  precooling,  the  other  car  was  not  initially  iced  until 
after  loading.    The  top  layers  of  the  non-fan  car  F  rose  rapidly  from  50°  F, 
at  the  end  of  precooling  to  about  65°  in  12  hours,  and  was  60°  or  above 
most  of  the  time  in  transit  (Fig,  I4.  B)  „     In  contrast,  the  top  layer  of  the 
fan  car  rose  only  a  few  degrees  after  precooling  and  held  at  about  5U®  'un- 
til the  car  was  re-iced  at  Florence,    Then  it  dropped  in  about  10  ho-urs  to 
U3®5  rising  gradually  tc  50°  upon  arrival  (Fig,  7  A).     This  car  had  more 
uniform  and  cooler  temperatures  than  the  non-fan  car.     The  fast  cooling  of 
the  fan  car  after  re-icing  at  Florence  indicated  this  desirable  drop  in 
temperatijre  would  have  been  accomplished  a  day  earlier  if  the  car  had  been 
re-iced  the  morning  following  cooling,  say  at  Sanford.     This  car  had  3j600 
pounds  of  ice  remaining  in  its  bunkers  on  arri'/al  and  a  day's  earlier  re- 
icing  would  have  permitted  using  more  of  this  ice  to  cool  the  fruit o 
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Non-precooled  fruit.    A  niimber  of  methods  of  shipping  non-precooled  fruit 
were  compared  in  this  teste    Cars  H  and  I  consisted  of  a  pair  of  cars,  one 
a  fan  car  and  the  other  a  non-fan  car^  loaded  with  warm  fruit  packed  in 
standard  crates  and  shipped  in  pre-iced  cars,  item  80,  section  2,  re-iced 
at  Florence^  So  C,^  vents  closed  to  destination.    The  transit  tenperature 
record  of  fan  car  H  shows  a-  gradual  reduction  in  temperature  from  loading 
at  75°  F.  in  top  and  middle  layer  to  US**  to  50®  in  2  days,  and  then  a  level- 
ing off  to  temperatures  of  1^5°  to  50®  at  destination  (Fig.  7  B).    In  the 
non-fan  car  I,  the  top  and  middle  layers  cooled  from  a  75**  loading  temper- 
ature to  58®  to  60®  in  2  days,  a  10  degree  differential  in  favor  of  the  fan 
car  (Fig,  8  A).    The  bottom  layer  was  well  refrigerated,  reaching  50®  in 
1-1/2  days  and  i;0®  two  days  later  on  arrival.    It  was  20  degrees  colder 
than  the  top  layer  upon  arrival.    The  differences  in  these  cars  can  be 
stated  simply.    The  fan  car  brought  the  entire  load  to  50®  and  lower  tem- 
peratures in  about  2  daysj  the  non-fan  car  refrigerated  only  the  bottom 
layer  effectively,  allowing  the  top  layer  to  stay  in  the  range  of  60®  to 
70®  most  of  the  trip,  and  the  middle  layer  at  53®  to  70®.    The  question 
can  be  asked,  would  the  non-fan  car  have  performed  better  under  standard 
refrigeration  service?    Car  J  was  handled  in  this  manner.    These  two  cars, 
I  and  J,  were  compared  in  Fig.  8  A  and  B.    Cooling  rates  were  slightly 
faster  in  the  car  iced  more  frequently,  and  total  cooling  was  slightly 
greater,  with  the  net  result  that  upon  arrival  the  top  layer  was  about  5 
degrees  cooler,  the  middle  layer  12  degrees  cooler,  and  the  bottom  layer 
I;  degrees  cooler  in  the  car  receiving  standard  refrigeration  than  in  the 
comparison  caro    The  large  spread  in  temperature  between  top  and  bottom 
layers  still  prevailed,  and  top  layers  were  not  well  refrigerated,  in  spite 
of  frequent  icing. 

Would  half- stage  icing  do  as  well  as  standard  refrigeration  if  more 
refrigeration  were  needed  than  is  supplied  by  initial  icing  and  one  re- 
icing  in  transit?    Two  cars  of  non-precooled  fruit  were  refrigerated  in 
this  manner,  one  a  fan  car  and  the  other  a  non-fan  car,  cars  K  and  L,  re- 
spectively.   They  are  compared  in  Fig,  9  and  the  usual  advantages  of  more 
uniform  temperatures,  faster  cooling,  and  lower  temperatures  in  top  and 
middle  layers  in  transit  are  apparent.    When  the  non-fan  cars,  half- stage 
and  full  bunker  icing  are  compared  (cars  L  and  J,  Figs.  9  B  and  8  B,  re- 
spectively), the  half -stage  icing  appeared  to  reduce  the  spread  between 
top  and  bottom  layers  to  about  10  degrees  as  compared  with  a  20  degree  spread 
in  the  full  bunker  iced  car.    The  top  layers  were  refrigerated  about  the 
same  in  the  two  cars  and  the  middle  and  bottom  layers  more  in  the  full 
bunker  car  than  in  the  half-stage  car.    Considering  the  entire  load,  the 
half- stage  fan  car  made  a  better  showing  than  the  non-fan  car  with  full 
bunker,  both  moving  under  standard  refrigeration  services  (car  K,  Fig.  9 
A  -  versus  car  J,  Fig.  8  B) , 

* 

Further  comparison  of  icing  services  and  non-fan  and  fan  cars.    The  average 
maximum  and  minimum  temperatures  of  three  cars  shipped  under  standard  re- 
frigeration, cars  J,  K,  and  L,  and  three  shipped  under  item  80,  section  2, 
are  compared  in  Fig.  10  A,    These  records  show  no  advantage  for  the  more 
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costly  standard  refrigeration  service.    Minimum  temperatures  were  slightly 
lower  in  these  cars,  but  maximum  temperatures  were  slightly  higher  in  the 
cars  initially  iced  and  re -iced  only  once  in  transit. 

The  average  maximum  and  rainimujn  teiTiperatures  in  three  non-fan  cars, 

I,  J,  and  L,  and  three  fan  cars,  Ej,  H,  and  K,  shown  in  Fig.  10  B,  bring 
out  the  fact  that  the  fan  car  is  good  protection  against  high  maximum  tem- 
peratures.   The  cooling  obtained  by  forcing  air  over  the  top  of  the  load 

is  responsible  for  this.    Conversely j  the  lower  minimum  temperature    in  the 
non-fan  cars  is  the  result  of  slow  movement  of  cold  air  to  the  bottom  of 
the  load,  producing  much  cooling  here  but  little  in  the  warm  top  layers* 

Icing  Record  of  Test  Cars 

Room-precooled  fruit.    Two  of  the  xnree  cars  (A  and  B)  loaded  with  room- 
precooled  fruit  were  given  full  bunker  icing,  item  80,  section  2;  the  other 
(C),  was  given  stage  icing.    All  were  re-iced  once  en  route.    The  former 
were  supplied  with  13,600  and  13,200  pounds  of  ice,  respectively,  to  des- 
tination, while  the  latter  received  7?600  pounds  of  ice  during  the  same 
period,  table  U.    Ice  meltage  during  that  period  was  7^700  and  6,000  pounds, 
respectively,  in  cars  A  and  B,  and  5^200  pounds  in  car  C,  while  the  amount 
of  ice  remaining  in  the  bunker  at  unloading  was  5^800  pounds  in  car  A, 
6,700  pounds  in  car  B,  and  2,000  pomds  in  car  C. 

Fruit  pre coo led  after  loading.    Three  of  the  nine  cars  loaded  with  warm 
fruit  were  preceded  after  loading.    Car  F  was  precooled  m.th  a  truck-mounted 
mechanical  unit  while  the  other  two  cars,  G  and  D,  were  precooled  with  ice  and 
Preco  car  fans.    Each  of  these  cars  was  re-iced  only  once.    Total  ice  supplied 
ranged  from  13^200  pounds  for  car  F,  to  19,000  pounds  each  for  cars  G  and 
D,  table  U.    Ice  meltage  up  to  the  hour  of  \inloading  which  took  place  kh 
hours  after  re-icing  car  D  and  53  hours  after  re-icing  cars  F  and  G,  was 

II,  100  pounds  in  car  F,  15,200  pounds  in  car  G,  and  l[i,600  pounds  in  car  ^» 
At  unloading  the  amount  of  ice  remaining  in  these  cars  was  2,100,  3:^800^, 
and  UjUOO  potinds  in  cars  F,  G,  and  D,  respectively. 

Non°pre cooled  fruit.    Cars  J,  K.,  and  L,  given  standard  refrigeration  received 
a  total  ice  supply  during  the  transit  to  destination  of  21,700,  16,14.00,  and 
lit, 000  pounds,  respectively,  or  an  average  of  17,367  pounds,  tables  h  and 
5.    Cars  E,  H,  and  I,  re-iced  only  once  received  18,600,  19^600,  and  16,200 
pounds,  respectively,  or  an  average  of  18,133  pounds,  tables  h  and  5«  Thus 
the  cars  re-iced  but  once  received  approximately  750  pounds  more  ice  per 
car  than  was  given  the  cars  under  either  half- stage  or  full  bunker  standard 
refrigeration. 

Ice  meltage  up  to  the  time  of  arrival  at  destination,  ranged  from 
12,800  pounds  to  l5,500  pounds  in  the  cars  under  standard  refrigeration.,  and 
from  ll,iiOO  pounds  to  16,300  pounds  in  the  cars  re-iced  only  oncej  an  average 
of  lli,100  pounds  in  the  former  cars  and  13,833  pounds  in  the  latter,  or  a 
difference  of  267  pounds. 


»  6  - 


On  arrival  at  destination  ice  remaining  in  the  b'onkers  of  the  three 
cars  (J,  K,  L)  given  standard  refrigeration  ranged  from  2jU00  pounds  in 
a  car  receiving  stage  icing,  to  6,200  pounds  in  the  car  given  full  tank 
service;  and  from  3>300  pounds  to  U,800  pounds  in  those  (cars  E,  H,  l) 
given  only  one  re-icing;  an-  average  of  3,26?  pounds  in  the  former  cars 
and  Ui300  pounds  in  the  latter,  a  difference  of  approximately  1,000  pounds. 

Ice  Meltage  in  Relation  to  Change  in 

Commodity  Temperature  During  Transit 

Mechanically-precooled  fruit.    In  the  three  cars.  A,  B,  and  C,  loaded  with 
room-precooled  fruit,  the  ice  melted  (table  k)  in  keeping  the  cars  cold  and 
holding  or  reducing  the  average  temperature  of  the  load  up  to  the  time  of 
arrival  at  Jersey  City  was  7^700,  6,000,  and  5,200  pounds,  respectively „ 
In  car  A  there  was  a  rise  of  less  than  l/2  degree  in  fruit  loaded  at  Ul«.2®  F« 
while  in  cars  B  and  C  with  loading  temperatiires  of  ii6.6*  and  U7«2**  there 
was  a  reduction  of  2,7  and  2,5  degrees,  respectively  (table  2)o    Since  the 
change  in  commodity  temperature  during  the  transit  period  was  negligible, 
the  ice  meltage  was  consumed  largely  in  offsetting  heat  leakage  through  the 
car  walls  since  the  heat  of  respiration  is  not  appreciable  at  these  low 
temperatures. 

In  car  F,  preceded  with  a  truck-mounted  mechanical  unit  and  without 
ice  in  its  bunkers  until  '  18  hours    after  loading,  and  re-iced  onlv  once 
during  transit,  there  was  an  ice  meltage  of  11,100  pounds  (table  h) 
accompanied  by  a  reduction  in  commodity  temperature  of  11,1  degrees  after 
the  initial  icing. 

Cooled  with  ice.    Eight  cars,  D,  E,  G,  H,  I,  J,  K,  and  L,  loaded  with 
warm  fruit  throughout,  received  all  their  refrigeration  from  ice  meltage o 
This  ice  meltage  ranged  from  11,U00  pounds  in  car  I  loaded  with  7^9  9®  Fo 
fruit  to  16,300  pounds  in  car  H  loaded  with  7U<.7**  fruit,  both  cars  being 
given  one  re-icing.    The  temperature  reduction  was  22,0  degrees  in  the 
former  car  and  27.8  degrees  in  the  latter. 

Comparison  of  icing  service.    Ice  meltage  averaged  lU, 100  pounds  in  the 
three  cars  (J,  K,  L)  given  standard  refrigeration,  table  5^  and  13^833 
pounds  in  the  three  cars  (E,  H,  l)  re-iced  only  once.    This  meltage  was 
accompanied  by  a  commodity  temperature  reduction  of  2ii.7  degrees  in  the 
former  cars  and  25.7  degrees  in  the  latter. 

Comparison  of  car  type.    Ice  meltage  in  the  three  non-fan  cars  (I,  J,  L) 
during  the  transit  period  averaged  13 j 233  poxmdsj  while  in  the  three  fan 
cars  (E,  H,  K)  it  averaged  li;i700  pounds.    This  meltage  was  accompanied 
by  a  commodity  temperature  reduction  of  23.5  and  26,9  degrees,  respectively^, 
table  So 
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Inspection  of  Oranges  from  Test  Gars: 


Rind  Breakdown  and  Decay 


Natural-color  Valencia  oranges  somewhat  beyond  their  prime  condition 
were  used  as  test  fruito    Normally,  the  Valencia  orange  in  mid-May  is  more 
susceptible  to  stem-end  rot  than  is  the  case  earlier  in  its  season,  and 
green  mold  rot  is  less  prevalent  than  during  the  cooler  months.    The  test 
fruit  was  not  subjected  to  either  the  ethylene  treatment  to  degreen  the 
rind,  or  the  "color-added"  treatment  to  heighten  the  color.    These  color-= 
changing  treatments  may  accentuate  rind  breakdown. 

The  test  fruit  was  picked  2  days  before  loading  in  the  cars  and  an 
interval  ranging  from  U  to  5  days  transpired  between  loading  the  cars  and 
inspecting  the  test  fruit  soon  after  imloading.    After  the  first  inspection 
for  rind  breakdown  and  decay,  the  test  packages  were  held  for  1  week  at 
room  temperature  and  then  the  second  and  final  inspection  was  made.  The 
results  are  given  in  table  6. 

Rind  breakdown »  No  rind  breakdown  was  found  in  any  of  the  test  crates 
regardless  of  protective  service  employed  dtiring  the  transit  period  at 
either  the  first  or  second  inspection. 

Decay.    At  the  first  inspection  total  decay,  fairly  equally  divided  between 
stem-end  rot  and  green  mold  rot,  ranged  from  0  to  1.5  percent,  an  average 
of  Oo6  percent,  and  was  not  consistently  associated  with  either  high  or 
low  temperatures,  as  evidenced  by  the  0.5  percent  decs^  that  developed 
during  the  transit  period  in  car  A  and  the  absence  of  decay  in  car  I,  the 
lots  with  the  lowest  and  highest  average  temperatures.    After  1  week  at 
room  temperature,  stem-end  rot  and  green  mold  decay  had  increased  appreci- 
ably and  ranged  from  2,0  to  7o5  percent,  an  average  of  5 .2  percent.  The 
unusually  high  percentage  of  decay  in  the  lot  from  car  F  suggests  an  error, 
hence  it  is  not  included  in  averages.    The  least  amount  of  decay,  2,0  per- 
cent, was  in  the  two  room-precooled  lots  in  cars  A  and  B;  the  greatest 
amount  of  decay,  7.5  percent,  was  found  in  the  non-precooled  fruit  in  fan 
car  E  and  non-fan  car  I.    Again  the  green  mold  fungus  caused  about  one- 
half  of  the  decay,  and  again  the  decay-retarding  benefits  of  deep  preceding 
in  rooms  and  low  transit  temperatures  seemingly  had  been  largely  spent 
within  a  week  after  unloading. 


Shippers  generally  are  agreed  that  refrigeration  in  transit  is  desirabXe 
and  at  times  necessary,  especially  in  warm  weather.    There  is  a  wide  differ- 
ence of  opinion  among  them  regarding  the  length  of  time  that  should  lapse 
between  loading  a  pre-iced  car  and  re-icing  it,  and  the  need  for  more  than 
one  re-icing  during  a  transit  period  of  i;  to  5  days. 

A  moderate  amount  of  Florida  fruit  is  preceded  in  rooms  prior  to  load- 
ing and  there  is  an  increasing  amount  preceded  in  the  car  immediately  after 
loading,  especially  after  loading  in  fan  cars,  yet  the  majority  of  shipments 
are  not  pre cooled. 


DISCUSSION 
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In  the  case  of  room-precooled  fruit  the  ice  meltage  during  transit 
serves  mainly  to  compensate  for  heat  leakage  through  the  car  walls  since 
the  commodity  is  usually  at  a  safe  temperature  before  loading. 

In  the  case  of  fruit  that  is  loaded  while  warm  the  principal  demand  on 
ice  meltage  takes  place  during  the  first  2  days  of  the  transit  period  since 
rarely  is  a  car  of  citrus  held  at  destination  more  than  a  few  days  before 
unloading. 

Although  there  was  a  slight  rise  in  commodity  temperature  in  a  few 
cars  while  standing  at  destination,  it  was  mostly  in  the  top  of  the  load  and 
was  not  of  siifficient  duration  or  magnitude  to  affect  the  well-being  of  the 
fruit  o 

Experience  has  shown  that  at  the  time  of  unloading  from  3  to  5  days 
after  loading,  the  bunkers  are  sometimes  almost  full  of  ice,  and  often  they 
contain  more  ice  than  is  necessary.    This  surplus  of  unmelted  ice  serves  no 
useful  purpose  to  the  lading  and  is  an  economic  waste  to  the  shipper  and  the 
grower.    While  no  great  amount  of  ice  need  be  maintained  in  the  bunkers  to 
hold  fruit  temperatures  down  after  they  are  reduced  to  a  safe  level,  the  de- 
sirable amount  varies  with  the  outside  air  temperature  as  well  as  the  tem- 
perature of  the  commodity,  but  it  is  likely  to  be  less  than  shippers  generally 
assume  to  be  necessary. 

Room-precooled  fruit.    Cars  A,  B,  and  C,  the  latter  stage  iced  and  all  re- 
iced  only  once  at  Florence,  South  Carolina,  arrived  at  destination,  h  days 
after  loading,  with  an  average  pulp  temperature  of  Ul.5^  F,,  ij3<>9®,  and 
respectively,  with  a  change  of  +0.3^  -2,7j  and  -2.5  degrees,  respectively, 
during  the  transit  period.    Even  more  significant  from  the  viewpoint  of 
cost  is  the  fact  that  the  full  tank  fan  car  had  5^800  pounds  of  ice  in  the 
bunkers  on  arrival  and  the  non-fan  car  had  6,700  pounds,  enough  to  hold 
satisfactory  temperatures  for  several  days  without  further  re-icing,  while 
the  stage-iced  non-fan  car  had  2,000  pounds,  enough  to  hold  safe  temper- 
atures for  at  least  another  day.    The  refrigeration  from  the  melting  of 
ice  in  transit  served  more  to  maintain  the  initial  loading  temperature  by 
absorbing  heat  passing  through  the  car  structure  rather  than  to  further 
cool  the  loads  of  the  room-precooled  fruit. 

Fruit  precooled  after  loading.    In  cars  F,  G,  and  D,  the  former  car  precooled 
with  a  mechanical  mit  mbionted  on  a  truck  and  the  two  latter  precooled  with 
ice  and  Preco  fans,  the  pulp  temperature  of  the  fruit  was  reduced  18.8,  l6,0, 
and  12.1  degrees,  respectively,  before  the  cars  left  their  shipping  points. 

There  was  but  little  change  in  average  commodity  temperature  between 
Sanford  or  New  Sir^yma  and  Florence  in  the  fan  cars  or  in  the  top  of  the 
load  in  the  non-fan  car.    In  the  fan  cars  this  was  probably  due  to  a 
dwindling  supply  of  ice,  which  when  replenished  at  Florence  was  followed 
by  a  prompt  resumption  in  cooling  activity;  while  in  the  non-fan  car  the 
cooling  was  noticeably  slower  especially  on  the  top  layer  of  these  loads. 

By  the  second  morning  there  was  no  significant  difference  in  tempera- 
tures between  loads  precooled  after  loading  and  the  non-precooled  loads. 
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At  unloading  there  was  2,100  pounds  of  ice  in  car  F,  3^800  and  1|,U00 
in  cars  G  and  D,  respectively^  enough  to  hold  their  arrival  temperature 
for  1  to  3  days. 

Full  b'unkers  vs.  half-stage  icing.    There  was  no  significant  difference 
in  temperature  reduction  in  the  top  of  the  load  -  the  danger  zone.-  between 
full  bmker  and  half-stage  icing  standard  refrigeration.    Since  "'1/^.^c  ost  of 
the  latter  is  approximately  78  percent  of  that  of  the  former,  the  less  ex-..  ,^ 
pensive  service  seems  worth  considering.    On  arrival  at  destination  the 
stage-iced  cars  had  approximately  2,000  pounds  of  ice  remaining^  enough  to 
hold  safe  temperatures  a  day  or  two  in  warm  weather  without  re-icingo  It 
should  be  remembered  that  cars  moving  under  standard  refrigeration  must 
be  delivered  to  the  receiver  with  the  bunkers  at  least  three-fourths  full 
of  ice.    Thus,  in  the  case  of  cars  with  bunker  ice  capacity  of  9^600 
pounds,  the  one  given  full  tank  service  must  be  delivered  with  at  least 
7,200  pounds  of  ice,  whereas  the  stage-iced  car  must  have  3*600  pounds. 
While  this  difference  may  be  important  in  hot  weather  if  the  car  is  to  be 
heU  several  days  on  the  receiver's  tracks  before  unloading,  it  would  be 
sound  judgment  for  the  shipper  to  use  stage  icing  in  lieu  of  full  tank 
service  much  of  the  time  when  standard  refrigeration  is  needed,  and  have 
such  occasional  cars  as  are  to  be  held  several  days  re-iced  with  a  ton 
or  two  of  ice  after  delivery. 

Fan  cars  vs.  non-fan  cars.    There  was  no  great  difference  in  the  average 
temperatures  (bottom,  middle  and  top  layers)  of  non-precooled  fruit  shipped 
in  cars  with  and  without  fans,  but  the  temperature  spread  between  the 
warmest  and  coolest  levels  in  the  non-fan  cars  was  considerably  greater 
than  that  in  the  fan  cars.     The  bottom,  layer  in  the  non-fan  cars  became 
unnecessarily  cold  while  the  top  layer  did  not  cool  as  rapidly  as  was 
desirable.    For  example,  the  top  of  the  load  in  the  non-precooled  loads 
in  non-fan  cars  I,  J,  and  L  cooled  from  ih  to  17  degrees  during  the 
transit  period  of  3  to  i;  days  while  that  amount  of  heat  was  removed  from 
the  warmest  part  of  the  loads  in  the  non-precooled  fan  cars,  E,  H,  and  K, 
by  evening  of  the  day  after  loading.    The  minimtim  temperatures  in  the  fan 
cars  were  higher  and  the  maximum  temperatures  lower  than  in  non-fan  cars 
receiving  the  same  icing  service,  thereby  giving  a  more  uniform  temperature 
throughout  the  load  in  the  fan  car. 

Rind  breakdown  and  decay.    Although  this  test  vras  made  with  Valencia  oranges 
somewhat  past  their  prime  condition,  rind  breakdown  did  not  develop  either 
during  the  transit  period  or  during  the  holding  period  of  1  week  following 
unloading.    The  fact  that  the  test  lots  were  given  neither  the  usual 
ethylene  nor  the  "color-added"  treatment  may  be  significant. 

There  was  no  clear-cut  correlation  between  temperatures  in  transit 
and  the  development  of  decay  either  during  or  after  the  transit  period  in 
the  test  lots.    Apparently,  the  transit  period  was  too  short  for  the 
range  of  temperatures  encountered  to  have  much  effect  on  dacay  development, 
about  half  of  which  was  stem-end  rot  and  half  green  mold. 
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SUMMARY 

Both  item  80,  section  2,  i.e.  one  re-icing,  and  half -stage  icing, 
standard  refrigeration  gave  essentially  the  same  temperatiore s  as  did  full 
bunker  standard  refrigeration  service  with  loads  of  non-precooled  fruit. 

On  arrival  at  New  York  there  was  enough  ice  in  the  bunkers  of  cars 
loaded  with  warm  fruit  given  only  one  re-icing  to  maintain  satisfactory 
temperatures  for  at  least  a  day  or  two  without  further  re-icing. 

Half-stage  icing,  item  80,  section  2,  was  a  satisfactory  substitute 
for  the  full  bunker  service  in  late  spring  with  shipments  of  room-precooled 
fruit  to  markets  reached  within  3  or  U  days  after  loading. 

Half -stage  icing  services  cost  approximately  78  percent  of  the  cor- 
responding full  bunker  services. 

One  re-icing  during  transit  was  adequate  for  fruit  preceded  after 
loading.    When  quicker  cooling  is  desired  the  cars  precooled  with  car  fans 
and  ice  probably  should  be  re-iced  the  morning  following  loading,  rather 
than  the  second  morning. 

Fruit  in  standard  nailed  crates  loaded  according  to  the  conventional 
"Largo"  plan,  i.e.,  seven  rows  on  end  without  stripping  between  layers, 
cooled  at  about  the  same  rate  as  that  in  open  mesh  bags  loaded  in  double- 
deck  cars. 

Fan  cars  produced  a  more  uniform  temperature  throughout  the  load 
than  did  non-fan  cars.    The  practical  advantage  of  this  more  uniform 
temperature  rests  in  a  lower  maximum  temperature  in  fan  cars,  hence, 
less  likelihood  of  decay  development.    Normally,  fan  cars  can  cool  the 
load  fast  enough  to  greatly  reduce  if  not  eliminate  the  need  for  pre- 
cooling  before  loading. 

No  advantage  was  gained  by  precooling  the  Valencia  oranges  used  in 
this  mid-May  test.    Rind  breakdown  did  not  develop  in  the  test  lots  either 
during  transit  or  dxuring  the  holding  period  of  1  week  after  unloading. 
Decay  developed  in  negligible  proportions  during  transit  and  even  during 
the  holding  period  of  1  week  at  room  temperature  rot  ranged  only  from  2.0 
to  7.5  percent.    There  was  no  clear-cut  correlation  between  decay  and 
temperatures  in  transit,  loading,  or  packaging  methods.    About  half  of 
the  decay  was  caused  by  stem-end  rot  and  the  other  half  by  green  mold. 
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